NOTICE:  Wien  goverBment  or  other  drawingB>  speci* 
fications  or  other  data  are  used  for  any  pui^se 
other  than  in  conneotlon  with  a  definitely  related 
goverpinent  procurement  operation,  the  U. 

Soveroment  thereby  incurs  no  respoasihility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  GJovero* 
meat  may  have  forsulated,  furnished,  or  in  any  way 
supplied  the  said  draid.ngs,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other* 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  ri^ts 
or  pez^ssiOn  to  manufacture,  use  or  sell  any 
patented  invention  that  nay  in  any  vay  be  related 
thereto. 
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Report  No*  89i6»lG9 

Material  ^  Adhesives  -  Geraraie  ^  High  femperature 
Development  And  Evaluation  Study 


AbstraGt 

Investigation  to  develop  and  evaluate  eeramlG  adhesives  for  ‘bonding  metalllG 
alloys  =  partiGUlarly  Armoo  I?*?  PH  stainless  steel  -  at  firing  temperature 
of  11*50'*?'  or  less  was  eonduOted.  Eleven  ceramlG  adhesive  frits  were  formu¬ 
lated  for  the  appllGation,  and  examined  for  melting,  flow  and  strength 
GharaGter’ stiGs .  Lap  shear  strengths  of  7OO  psi  at  room  temperature  and 
900  to  3POO  psi  at  8oo“f  were  developed  in  the  adhesives  studied. 

ReferenG£:  Pratt,  D.  S»>  Shoffner>  i-  E.,  tuiner,  H.  C., 

"©evelopment  and  Evaluation  of  High  femperature 
CeramlG  Adhesives,"'  General  Dynamies/convair 
Report  MP  59’110,  San  Diego,  California,  29  Mareh 
19S0,  (ReferenGe  attaGhed.) 


MOOfL 


eoNVMN  -  teN  bikad  convair  bivikioN  GO 

akNkMAis  bvMAMiek  eeARbRAi^eN 
tM  Mlio  It,  CllirbRNU 


PAGE  1 


DATE  3” 29^^  lEPORt  MO.  MP- 59*^110 


IMTRODUCTION; 

px^sent  inethod  of  Ponding  stainiess  steel  honeycOmP  panels  »  Prazing  - 
Is  e^^nsive  and  has  stade  neoessaxy  the  investigation  of  other  methods  of 
Ponding*  The  inorganio  ceramie  adhesive  offers  '^e  advantage  of  potential 
lover  eostj  inertness>  lover  adhesive  weighty  lover  thermal  conductivity) 
and  the  absence  of  galvanic  cozTOSion  coupling* 

BigVi  temperature  ceramic  adhesives  might  Pe  developed  from  one  of  the  follow¬ 
ing  systems: 

1.  Glass  coapositlons 

Glass  foixmlng  materials)  i*e*)  alkalies>  alumina)  silica)  phosphates 
and  others  can  Pe  blended  to  form  a  multitude  of  physical  properties* 

2*  Glass  G<MBPOSitiQns  Pltui  Metal  Additions 

^e  addition  of  finely  powdered  metals  to  ^ass  compositions  is  a 
recofpGized  method  of  improving  the  adhesion  of  glass  to  metal* 

3*  Gi^**  Ccmapositions  Plus  Recrvstajlization  products 

The  control  of  the  c<mmposition)  and  the  rate  of  cooling  can  produce 
reezystallization  products  in  glass.  This  nev  cxystal  growth  would 
change  the  nature  of  the  system  into  a  ecnsplex  glass^ciystalline 
grouping  with  a  higher  melting  point* 

4.  Glass  Compositions  Plus  Refractory  Additions 

Refractory  additions,  i.e.,  AI2Q3,  ZrSiOl^  or  Zr02  crystalline  forma¬ 
tions  woiild  resist  flowing  or  shearing  at  elevated  tesperatures  and 
thus  increase  the  tensile  Shear  strength  of  the  adhesive* 

This  limited  investigation  was  conducted  in  the  first  '^ree  posstMe  areas* 

OBJECT: 

The  purpose  of  this  test  was  to  develop  and  evaluate  a  high  temperature 
ceramic  a#ie8lve  for  use  in  metal  to  metal  Ponding*  Initial  Ponding  would 
pe  with  sheet  stock  to  form  a  Si^le  lap  Joint.  The  ultimate  goal  of 
^e  program  was  the  assraPiy  of  honeyc^b  sandwich  fpeeimens  suitayLe  for 
further  testing, 

CONGLUSION; 

Ceramic  asdhesives  will  produce  a  lap- shear  strength  of  over  3OOO  pal  at  800 “F* 
Room  temperature  li^>  shear  values  are  m%  as  high  as  those  reached  by  organic 
adhesives.  Honeycomb  panel  Ponding  was  achieved  Put  no  testing  was  done. 
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CefiuMe  eulhesiviss  offeji^  a  defloite  adl^^tage  in  temperatui^  bondlng« 
Being  foiiaed  at  elevated  tei^ex^tufes^  they  do  not  when  fesuhjeeted 
to  elevated  tei^ezatu^s..  Air  vehicles  of  t^iorfow  will  be  operating  at 
temperatures  retuiring  eei^uinie  adhesives ^  Investigation  of  eereraic  ad¬ 
hesive  should  be  continued  so  that  ultimately  a  mate^al  suitable  for  pro¬ 
duction  bonding  will  be  available. 

li  It  is  reconiDended  that  an  attes^t  be  made  to  duplicate  the  aluminum 
porcelain  enamel  frit>  dl02j  produced  ^  i^e  Minnesota  inning  sM 
Manufacturing  con^any.  Knowing  the  co^osition  of  this  glass  will 
help  in  making  modifications  ^ 

2.  ^^s  ^ass  should  be  subjected  to  colloidal  grinding  to  lower  the  ini¬ 
tial  melting  tes^erature^ 

3«  Additions  in  controlled  sizes  should  be  made  of  refractory  materials. 
Ihese  would  offer  resistance  to  the  shearing  of  the  adhesive.  Addi¬ 
tional  study  is  needed  in  all  phases  of  this  programj  however^  rather 
than  atta^t  to  do  everything,  the  initial  study  should  be  made  On 
the  three  points  listed.  Answers  from  these  will  point  out  the  next 
phase  of  study. 

AND  l>R0CEl|[Si^: 


5he  material  used  for  the  lap  Shear  tensile  testing  was  1-1/16”  x  4-1/4”  x 
0.0^”  17-7  PH  stainless  steel.  The  contact  eu?ea  was  reduced  to  a  1.000" 
width  and  the  specimens  were  held  so  as  to  produce  a  lap  area  of  0.^0 
square  inches  with  a  similar  specimen.  The  details  of  the  lap  shear  tensile 
specimen  and  its  firing  holder  are  Shown  in  Figures  1  and  2. 

The  honeycomb  panels  were  2"  x  2”  x  p.^OO”  overall  size.  The  skins  were 
0.020”  and  the  core  was  1/4"  hex  cell  with  0.003”  wall  thiCKness.  Five 
panels  were  made  from  17-7  core  and  skins,  axid  five  were  from  PH  15-7 
Ms  cores  and  skins. 


Specimen  Gleenlne  -  Two  common  methods  of  metal  cleaning  prior  to  the 
bohdlhg  of  glass  to  a  metal  surface  are  chemical  cleaning  and  sand- 
hLastlng.  To  evaluate  the  effectiveness  of  these  methods,  six  lap 
shear  specimens  were  prepared  by  each  method.  The  adhesive  used  was 
the  1067-1;  the  t^perature  was  17^  ”F  and  a  5Q  psl  bonding  force  ap¬ 
plied  during  firing,  the  samples  were  tested  at  86q°F  and  1Q0Q”F  after 
spaking  10  minutes  at  heat  before  pulling. 
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TEST  SPEOIM^ :  (C&ntinued) 

Since  chemical  cleaning  gave  the  beat  z^sulta^  the  remainder  of  the 
apecimens  were  prepared  hy  this  method  aa  ahown  below: 

1.  vapor  degreaae  *  3  mln^ 

trl*chlorethlene  dep^eaaer 

2.  acid  etch 

76  4  of:  water 

^.0^  nitric  acid  *  concentrated 

hydrofluoric  acid  *  concentrated 
180*^“F.  O.031"  *  10  min; 

0.003"  *  3  min* 

3.  cold  running  water  rinse  10  mini 

4.  alkali  aolution  -  180*200 “F  *  20*30  min. 

oakite  cleaner  91  at  6  oz/gaii 

5i  cold  water  rinse  ^  10  min. 

Adhesives  *  Eleven  different  Ceramic  frits  were  formulated,  smelted, 
fritted,  groxuid,  and  studied  in  the  Lietz  Seated  state  microscope  along 
with  a  frit  formulated  by  the  University  of  Illinois,  and  a  low  melting 
glass  produced  by  the  Minnesota  Mining  and  Manufacturing  60 »  Formula* 
tions  for  frits  0*1  through  0*11  wili  be  found  in  Table  1.  The  batch 
formulations  for  these  frits  and  the  milling  formulas  for  all  adhesives 
are  also  found  in  Table  I. 

In  the  remainder  of  the  report  the  ceramic  ai^esive  frit  is  referred  to 
by  C*,  the  nvmber  indicating  the  sequence  in  thich  the  formula  was 
developed,  i.e,,  C*4  was  foiwulated  before  e»8.  When  the  frit  has  been 
prepared  into  an  adhesive  it  is  referred  to  as  e*l*l,  0*1*2  and  so  on, 
Ihe  Second  number  indicates  Ihe  prepared  a#iesive  is  the  first,  second, 
or  later  formulation  to  be  made  from  that  particul^  ceramic  frit.  The 
frit,  made  by  Mmiesota  honing  and  Manufacturing  Co.,  8102, will  be  re* 
referred  to  as  ''8102",  IMs  glass  was  developed  by  the  Minnesota  Mining 
and  Mainifacturing  Co>  for  porcelain  enamel  on  aluminum.  This  frit  has 
a  melting  t@iq>eratuTe  of  approximately  1100  "F  and  would  be  close  to  the 
temperature  range  ultimately  desired. 

A  short  explanation  of  theories  contrOUlng  the  melting  temperature  of 
glasses  is  given  in  the  appendix*  The  teEhmlqueS  discussed  were  em* 
ployed  in  confounding  the  formulations  made  for  this  work. 
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TEST  SPECIMENS  AND  PROCEDlitES;  (C©n1:lmied) 


Heated  Stage  tecjgseQpe  Study  -  After  flatting  and  drying  each  new  bateh 
af  adhesive j  a  heated  Stage  mierosGope  study  was  made  to  leain  the  thertnal 
behavior  of  the  adhesive.  The  frit  was  ^ry  ground  in  a  mortar  and  pestle 
to  pass  a  l00*mesh  screen,  (0.0059"  openings),  and  mixed  with  a  few  drops 
of  alcohol.  The  damp  fnt  was  hand  pressed  into  a  l/S"  cube,  dried, 
p^eed  on  a  small  piece  of  17-7  PH  0.010"  foil,  and  observed  through  a 
15X  miGrbscdpe  as  the  te^erature  was  raised.  The  temperature  was  allowed 
to  rise  at  28 ®€  per  Mn.  ®ie  observations  would  stop  when  the  adhesive 
slumped  to  a  flat  shape,  fflie  melting  tenperature  referred  to  in  this 
report  is  the  te^erature  required  to  cause  the  ^ass  frit  to  pull  into 
a  sphere,  ^e  flowing  tenperature  is  that  temperature  at  which  the 
adhesive  slunps  to  a  low  mOxind,  losing  all  identity  as  a  cube  or  Sphere. 
These  conditions  are  shown  in  Figures  4  and  5*  After  cooling,  the  fused 
pellet  was  examined  at  6ox  magnification  for  corrosive  effect  on  the 
metal.  This  provided  an  opportuMty  to  observe  any  stress  cracking 
caused  by  difference  in  coefficient  of  expansion. 

Fumace  Design  “  To  insure  good  contact  between  the  ends  of  the  lap  shear 
Specimens,  it  was  necessary  to  apply  a  uniform  pressure  during  firing. 

None  of  the  existing  equipment  could  be  modified,  it  was  necessazy  to 
design  and  construct  a  furnace  with  a  means  of  applying  the  pressure. 

A  sketch  of  the  equipment  Is  shown  in  Figure  3.  By  changing  the  lever 
arm  distances  ari  the  variable  weight.  It  is  possible  to  achieve  a  wide 
range  Of  pressures  on  the  sanplee  The  current  was  controlled  by  a 
^mq?iable  transformer.  A  chromel^elumel  tbermocpuple,  calibrated  tP  +  5”F 
in  the  temperature  ranges  used,  was  located  at  the  bottom  of  the  stack 
of  saiples  and  ineyLcated  the  temperature  through  a  Leeds  and  Norterop 
potentiometer. 

Adhesive  Slip  Freparetion,  Appligatipn  and  Firing  »  The  adhesive  frits 
selected  for  tensile  testing  Were  ground  in  water  until  all  particles 
were  less  than  0,0017 '  diameter.  See  Table  I  for  mill  formulations. 

The  milled  adhesive  slip  was  adjusted  to  a  specific  gravity  of  approxi» 
mately  1,6,  Ideediy  all  adhesives  would  have  been  sprayed  at  the  same 
specific  gravity,  but  differences  in  viscpsity  prohibited  this. 

The  adhesives  were  applied  by  spraying  a  coat  that  was  0,001 '  t©  0,006  ' 
thick  after  drying.  The  coating  was  brushed  from  the  edges  of  the  speci* 
men  and  the  specimens  loaded  into  the  firing  holder  so  as  to  make  a  lap 
contact  area  of  0,50  in,  sq,  A  dhromel^alumel  theimocouple  was  inserted 
in  the  bottom  of  the  holder.  The  pressurepad  was  placed  on  the  stacked 
specimens,  and  the  entire  unit  pushed  into  the  furnace.  The  lever  arm 
was  lowered  into  place  on  the  pressin^e  pad  and  thus  applied  a  predetermined 
loading  on  the  lap  areas.  The  temperature  was  raised  as  rapidiy  as 
possit4e  to  the  desired  temperature  and  th^  held  for  the  time  considered 
necessary  to  cause  the  adhesive  to  flow  and  bond. 
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The  honeycomb  panels  were  fired  in  a  manner  vezy  similar  to  that  employed 
for  the  lap  shear  tensile  specimens. _ _ 
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TEST  SPECI^mS  AMD  PROCEDURRR;  (Oontinued) 

|i|£  SheM  Testioe  -  The  five  adhesives  seleGted  from  the  heated  stage 
miGroSGo^e  study^  8102,  C-2,  C*8,  C-10  and  C-11  were  sprayed  on  eherai- 
caiiy  Gleaned  pieces  of  l7«7  ph  lap  shear  tensile  speeimens.  Adhesives 
8102*  G»2,  g-8  and  G»10  we^re  sprayed  on  10  pairs  of  metal,  while  the  G^ll 
was  sprayed  on  5  pairs.  The  G«2,  0*8  and  G*l0  sanples  were  fired  at  two 
temperatures,  one  near  ^e  melting  tenperature  and  the  other  about  200 ®F 
higher*  The  8102  and  0*11  saaples  were  fired  at  1050  This  is  near 
the  melting  temperature  of  the  8102  adhesive,  and  over  the  maximum  tei^era* 
ture  needed  for  the  0-11  adhesive. 

^dll  Additions  ^  Adhesives  *  Knowing  some  mill  additions  ii^rove  the 
bonding  of  glass  to  metal,  a  few  tests  were  made  with  the  addition  of 
various  Oxides  to  the  adhesives  being  tested*  (  1  )  Four  different 
metal  oxides  were  added  to  Adhesive  m  IO67-I.  These  were  anaonltm 
molybdate*  GObalt  oxide,  nickel  oxide,  and  manganese  oxide. 

To  adhesives  C-2-1,  0-8-1,  0-10-1,  0-11-1,  and  8102-1  a  10^‘  addition 
of  minus  325  mesh  (minus  0.0017")  *  Fe293  made.  This  new  adhesive 
was  sprayed  on  ehemdeally  cleaned  17-7  FH  samples  as  before. 

Ho^yeomb  Panels  -  Table  V  gives  the  conitruGtlon,  a#ieslve,  and  alloys 
used  in  the  fabH.cation  of  the  honeycomb  panels. 

RESULTS; 

Chemical  Cleaning  -  In  examining  the  pieces  after 
testing,  it  {^peared  the  adhesive  bonded  more  unifonnly  to  the  chCTjical- 
ly  cleaned  samples  than  the  sandblasted  ones.  The  a®iesive  was  uniformly 
divided  between  the  pieces  of  the  lap  joint  in  the  chemical  Gleaning  but 
stuck  to  one  side  on  the  sandblasted  pieces.  There  also  appears  to  be 
a  very  definite  correlation  between  a  reddish  color  foimed  at  toe  inter¬ 
face  of  the  chemically  cleaned  pieces  and  the  ultimate  strength.  Within 
each  group,  in  each  temperature  range,  there  is  an  increase  in  toe  l«r 
shear  tensile  strength  as  the  intensity  of  the  reddish  color  increases, 

Hemted  Stage  Mieroseope  »  This  instrument  revealed  differences  in 
melting  temperature  between  toe  various  adhesive  frits,  ^ese  are 
shown  in  Figure  6,  T^  information  showed  the  melting  and  flowing 
differences  developed  in  toe  frits  because  of  formulation  chtoges. 

Frits  0-3,  0-4,  and  C-5,  modifications  of  0-2,  show  little  change  in 
melting  and  flowing  temperatures  as  nickel,  silver,  and  copper  are 
substituted  for  lltoim. 

Frit  C-8,  a  modification  of  1067,  has  a  slightly  lower  melting  temp¬ 
erature  than  toe  ui  1067  frit,  but  surface  tension  keeps  toe  adhesive 
together  to  a  much  higher  te^erature  tofore  nowlsg. 
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KESULfS:  (Cioat:inued) 

HeMiag  Stage  >acg68eQBe  -  (ed&tinued) 


eoNVAiR  -  SAN  bitae  convair  biviaioN 
aKNaRAb  bvNAMica  cbRRbjlAtieN 
IAN  MEM  II,  CAlllOANIA 


9 


FS’lts  C-7,  C»d>  C-9>  C-lO  have  zine  aad  bazluiD  introduced  at  the  expense 
of  the  sodiun^  there  van  little  cha^e  in  ^e  melting  tei^eratufesi 
Ihe  5^  zn  added  in  C-7  lowered  l^e  flowing  t^erature  of  ‘^e  C-2  frit 
approximately  iSo^’C. 


leBides  indicating  melting  and  flowing  teniperatures,  information  as  to 
effect  of  the  adhesive  on  the  metal  was  slsd  learned  hy  this  study. 

Frits  Ul  ^067  and  c-6  have  a  conrosive  action  on  the  metal  at  the  metEd^ 
a^esive  interface,  ^e  other  frits  did  not  corrode. 


From  these  fntSj  five  were  selected  for  further  study,  ahese  were 
il02>  c*2,  c-d,  C'!‘lo  and  c*ll.  ®ie  frit  Slo2  was  selected  because  it 
represented  a  ^ass  with  a  i^wn  low  fusion  temperature.  Frit  c»2  was 
Selected  as  a  sii^le  compoiuid  with  a  moderate  temperature  requirement. 
a%e  modifications  of  c^2  Ibund  in  c-d  and  c^lo  introduced  zinc  and  barium, 
as  the  oxides,  respectively.  These  were  melted  into  the  glass  to  in^rove 
the  modulus  of  elasticity.  (1 )  The  lead^ sodiums  silicate  frit  in 
formula  C-ii  was  selected  after  a  study  of  phase  dia^mms.  ^2)  ^e 
63.0  lead,  10.2^  boron,  k.6^  silica  blend  has  a  low  melting  eutectic 
at  473 °c. 

lap  Shear  Testing  «  The  Shear  values  achieved  by  these  adhesives  at 
room  temperature  and  dOO'F  are  given  in  Table  III. 

Mill  Additions  to  Adhesives  -  The  results  were  net  as  favorable  as  that 
aGhieved~by  the  adhesive  alone.  See  Table  IV  for  listing  of  values. 

The  difference  in  values  was  not  considered  significant  so  no  further 
Investigation  was  made.  The  tensile  values  obtained  by  the  adhesives 
with  the  Fe^3  addition  are  shown  in  Tatde  IV.  ibcaaples  of  the  Specl-o 
mens  after  testing  are  shown  in  Figure  J. 

Honeycomb  Fanela  results  of  *^6  honeye^b  panel  bonding  are  shown 

ih  Table  V, 

Some  time  was  spent  attempting  to  determine  metallographiGally  what  type 
of  bonding  existed  between  the  honeycomb,  adhesives,  skins.  Some 
bonding  Is  believed  to  be  affected  by  the  "keying"  of  the  aiiesive  to 
the  Chemically  rou^ened  surface  of  the  metais.  There  was  some  indlca” 
tion  af  a  diffusion  zone  between  the  adhesive  and  the  metal,  but  this 
was  not  definite.  What  other  types  of  bonding  might  exist  cannot  be 
ascertained.  PumsIs  7  and  10  are  shown  in  Figure  $.  ^e  filler  in 
the  bottom  sample  is  a  plastic  added  to  aid  in  the  meta^ographic 
poUshlng* 
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DISCUSSION; 

sil^le  eefaMe  at^esive  developed  ^  the  UDlversity  of  HMnols  gave  the 
beat  lap  ahear  ;^tiea  at  fooa  and  elevated:  teapexatuxea*  ^e  three  cosponent 
adheaive  10^7->1  gave  average  lap  ahear  valuea  of  l|5d  pai  at  room  tei^era« 
tuTe  and  3070  pai  at  lOOO®?*  fhe  other  three  co^onent  adheaiye  0*2-1  with¬ 
stood  a  970  pal  room  tenperature  load  and  a  1305  pal  load  at  SoO°F. 

The  excellent  high  te^erature  atrength  of  the  3M-1082  adhesive  la  worthy 
of  more  Inveatlgation.  The  literature  iodlcatea  the  fonaulation  as  an 
alkall-barlum-boron-phoaphate  ^aaa<  Speetrogr^hlc  analyaia  llata  the 
main  conatituenta  as  Na>  K,  Li,  B,  Sr'^  and  Cdt  j 

The  fine  valuea  achieved  by  the  UI  IO67-I  adheaive  may  be  due  to  its  coxroaive 
action  on  the  metals  ^^a  cozroaion  may  be  "keying"  the  adheaive  to  provide 
the  strong  bond  achieved.  Boron,  i^wn  to  be  corroaive  to  steel,  conpoaea 
37f  of  the  raw  oxide  Gopposltion  and  m^  cauae  the  corrosion,  frits  c-6  and 
c-H  contained  29^  and  16.2^  boron,  but  they  did  not  corrode  the  metal  as  did 
the  ui  1067  frit. 

initially,  the  corrosion  the  UI-I067  frit  was  not  conaidered  deairable  and 
the  fozmilation  for  the  0-2  fnt  was  selected.  Lithium  is  a  power^  fluxing 
agent  and  eilong  with  sodium  la  able  to  lower  the  melting  point  of  silica  to 
1300*7  from  approximately  3:^*7.  No  ring  of  corrosion  products  is  seen  with 
this  adhesive  or  any  of  its  modifications. 

The  mill  additions  of  cobalt,  nickel  and  manganese  oxides  adversely  affected 
the  strength  of  the  UI  1067-1  adhesive.  Dfee  10^  addition  of  minus  0.0017'' 
7e203  to  at&eslves  G-2-1,  C-8»>1,  C-io»l,  C-ll*l,  and  3M-6102-I,  had  an  adverse 
affect  on  their  strength.  VQiether  this  adverse  affect  would  be  continued 
if  the  metals  were  introdused  in  another  form,  i.e.,  pure  met^s,  is  not 
known. 

The  lap  Shear  tensile  values  of  the  c-2^1  adhesive  - 

room  temperature  970  psl 

^*7  1305  psi 

are  the  best  of  the  Conv^r-developed  adhesives.  These  values  are  not  as 
good  as  the  UI  1067  adhesive,  perhaps  because  the  c-2  does  not  corrode  the 
metal  as  does  the  UI  IO67.  The  values  obtained  are  approximately  those 
first  desired,  1000  psl  friM  room  tenperature  to  800*7.  These  need  to  be 
cheeked  in  creep,  at  room  and  elevated  teim>erature8,  sub-zero  temperatures, 
and  by  other  means. 
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TABLE 

HdNiYC0»ffl  PANELS:  AIXOf . 

V 

Ai^SZVE. 

AI^  BESlfLTS 

AHoy 

Adhesive 

Firing 

TemOi 

Results  _ 

17^7 

G-11-1 

il50*F 

Failed  to  tond 

17-7 

C*ll*l 

1150 *F 

A  heavy  application 
failed  to  bond 

17*7 

3H-1682-1 

1050 

Failed  to  bond 

17*7 

3M*1  on  skins 
c«ll-»l  on  core 

1125 

Weakly  bonded 

17*7 

c«io»i 

1625 

One  skin  failed  by 
"peeling'  force 

15*7 

C*ll-1 

1150 

Broke  apart  when  sawed 
in  two 

15*7 

3^1032-1 

1125 

Firtii  looking  and  feeling 
bond 

15*7 

C*8*l 

1350 

Firm  looking  and  feeling 
bond 

15*7 

C*2-l 

11<00 

Firm  looking,  but  broke 
when  pried  with  fingers 

15-7 

C-lQ-1 

1325 

Firm  looking  Suid  feeling 
bond 

Bonding  pressure  m  15  psl 

Plrlng  *  5  Bln,  after  recovery  to 

firing  teBg>erature 
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APgEHm  I 

mmjmam  qp  low  »EgKnBut!rolB  atftMgiS 

IMTRODUCyriON; 

V^en  a^ii^ng  an  enamel  ai  an  adhesive  in  the  heat  tfeat  pnoeeas  (ld50*’F}>  a 
low  maturing  tenq;>extLture  eeapdaition  is  reqhlfed*  Initial  lap^shear  tensile 
teats  indieated  that  non-lead  eoi^sitions  arc  si^exior^ 

lHOBY; 

A  more  detailed  review  of  the  -tiieories  of  glass  structure  has  been  presented.  (2) 
Ihe  basic  model  is  the  silica  tetrahe^n  which  is  linked  in  a  random  network 
and  can  be  changed  structurally  by  the  addition  of  modifiers  and  other  inter¬ 
mediates  and  network  formers. 

The  practical  application  of  structural  consideration  is  now  presented  for  the 
development  of  low  melting  glasses.  (1)  Enamels  are  basically  glasses  with 
minor  additions  for  adherence  or  processing  purposes,  changes  in  conposition 
are  governed  by  the  following  -  «  to  decrease  the  maturiM  point. 

(1)  increye  the  Oaeygen  Ratio 

liie  lowest  oj^gsn  tO  silica  ratio  (2:l)_occurs  in  SlOo  siass  and  causes  a 
strong,  continuous,  3  dimensional  Hetwork.  The  addltioh  of  Ope  mole  of  NSgp  to 
two  mOj.es  of  Increases  ^e  ox^en  ratio  to  2.5:1.  Exaaples  of  change  in 
axygeu  ratio  are  as  follow: 


Sodium  Silicate  Qlasses 

Si 

0 

Batlo 

S.Os! 

I 

2 

2il 

Na20.  22102 

2 

5 

2,5: 

Nfi^O  •  8L  Og 

1 

3 

3:1 

2Na^.  Si  02 

i 

4 

4:1 

Na20  .  CaC  .  48102 

4 

10 

2:5 

Na20  ,  Cap  ,  ^102 

2 

6 

3:1 

4:1 

Na20  .  CaO  .  8IO2 

1 

4 

Ihe  oxygen  ratio  of  eomaercial  soda-lime  glasses  is  between  2:1  cuid  2.5:1.  A 
ratio  of  4:1  will  not  permit  glass  foxmatipn  and  3:1  produces  wesi:  metasllicate 
glasses.  The  modifiers,  NagQ  or  CaO,  increase  ^e  oxygen  ratio  s^  decrease  the 
meiting  point.  At  or  above  3:1  (ucygen  ratio,  devitrification  occurs  more 
frequen’Qy. 
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THBOEY;  (Continued) 

(2)  Pae  Network  lUnaers  Of 

^  uae  of  pho^hatea  (P^5)  glass  forner>  also  tetrahedral  structure  > 
furnishes  an  oxygen  ratio  of  2.5:1  and  eorreaponds  to  a  sodium  disilicate 
glass  in  ratio,  a  phoiphate  glass  of  the  iame  maturing  ^int  as  a  silicate 
^ass  will  contain,  therefbre>  less  modifier  (Na20‘  etc.). 

(3)  Use  jof  a  Je’^rk_poxiBer  with.  Loirer  valency 

A  Sgo^  glass  exhibits  a  Mgh  thexmeLl  expansion,  when  added  to  silicate 
coDposition  (amounts  to  15  percent)  the  expansion  is  lowered  by  changlBg  to 
four  fold  coordination.  Above  15  percent  the  fonis  a  weak  trianguliLr 
structure  and  the  ei^ansion  increases. 

(k)  Use  Manoyileat  Modifiers 

(a)  Site  of  Modifier  -  The  replacement  of  an  a3liali  ion>vith  one  of 
smaller  site,  decreases  the  maturing  point.  This  effect  is  explained  by  the 
more  pronounced  weakening  of  the  bonds  ^cause  of  the  closeness  Of  an  ion  of 
higher  positive  potential. 


Valency 

Id 

Na 

K 

Pb 

Cs 

Radius 

.75 

1 

1.33 

1.5 

1.75 

Po^ritm 

1.33 

1 

0.75 

0.66 

0.57 

IMS  effect  however,  decreases  with  increase  in  alkaLl  ion  concentration  and  can 
reverse. 

(b)  G»"«ftt«writy  -  A  Mxtiu«  of  size  of  ions  exhibits  a  lower  melting  point 
than  the  equivalent^  single  ion  cosposition.  Ihe  effect  is  not  identical  with 
eutectic  or  liquidus  curves  and  is  opre  pronounced  below  ^e  worMng  teBperatures. 

(5)  C^wwffe  Divalent  Mod^ileigt 

(a)  The  prediction  of  maturing  point  by  the  size  of  the  ion  is  more  cooplex 
because  of  the  bond  of  ion  ^  oi^^. 

(b)  The  ecoplexity  effect  is  ^  same  as  for  monovalent  ions. 
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jnaiQRY;  (Coniim^) 

(6)  Hse  Monoj^gnt  AwAnnw  (SeJ^gen  Ions) 

FluoUhe  eaa  used  to  z^laee  pazis  of  the  oxygeii  In  silicate>  phosphate > 
or  borate  ^Jisses*  The  increase 

4  NaaO*  12$iP2 
Ratio  2*4/12:1 


Q  ^  p  ratio  lovers  the  maturing  point. 

3  NagO»  2  Nal'  .128102 
Ratio  2*5^2: 1 


ihe  development  of  low  maturing  ^Lasses  is  at  aH  times  limited  by  devitrification, 
IflinisGibility,  volatility,  and  chanical  instability. 

APBLICATIQN: 

A  t^icai  non*lead,  low  maturing  coe^sition  is  as  foUovs: 

OBjide  Focaala 


0.20 

£4g0 

0*417 

AI2O3 

0.55 

NSgO 

0.208 

%^3 

0.20 

iia^g 

Ionic  Foxnula 

0.40 

Li 

0.834  A1 

5.75  0 

0.51 

Na 

0.416  B 

1.250  P 

.1*0  F 

Corrected  Glass  Formers 

to  Total  1.00 

0.16  Li 

0.33  A1 

2.30  0 

0«70  Na 

0.17  B 
-0»iP-P 
I.OO 

.16 

F 

QjtJ  ration  ^  2M 
Former 


Other  coopositioBS  are  found  vlth  os^en  to  fomer  ratios  ranging  from  2.11  to 

2.^, 
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APHJCAnOW;  (CmtlnuM) 

^  fiolldwiog  iawieitlgatidn  vmi  eoqpleted  to  lllustfate  priaeiples  two  aal  thfee> 
the  ute  of  netiiosifk  fomen  of  higOef  tal  lover  va^enciet.  Ueiog  eonitant  net^ 
voxh  Bodifiera  (to  lower  test  rtaet)  of  a  percent^B  norBilly  eniployed,  the  per» 
eeDtagee  of  P,  M>  end  B  were  vaa^e^ae  tiiowB  in  Pliure  10,  and  batehea  fornilated# 
After  aneltiagi  the  frita  were  ground  to  paaa  a  lOOaaieah  aoreen  and  loaded  in 
Idle  fuaion  hlo^^  aa  ahoim  in  figure  9.  daw  bioeka  were  piaoed  m  an  electric 
furnace  and  the  tenperature  raiaed  alowly  until  the  frltai  aoftened,  eoqpacted  end 
the  wiaooaiiy  deereaaed  to  a  point  that  flow  occurred^  d!he  teaperattue  at  which 
^  liquid  reached  the  firat  mardc  on  the  hloek  ia  recorded  aa  the  aatuxieg  points 
dhe  tine  of  flow  at  conatant  ta^ra^bue  between  the  reaatntng  marka  afforda 
an  indication  of  the  i^acoaity  of  the  cpaaa.  dihe  reaulta  of  the  fuaion  block 
teata  are  alao  ahom  in  ligure  10. 

Three  coiipoaitiona,  figure  were  evaluated,  holding  the  ^(aaa  fonier  eonatant 
and  varying  nodifier*  The  arena  of  low  aaturing  eoapoaitiaaa  are  ahown  in  the 
above  figurea. 

dhe  above  vo^  la  prea^ted  aa  a  aarthod  of  approach.  Betailed  work  foUowing 
IMa  Bwttipd  wiH  yiald  the  low  oattneing  enamela  deairad  aubjeet  to  other  phyaical 
iood  ehaaieal  xequlrenanta. 
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